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An apparatus measures a junction temperature in an IC 
through a pin of the IC and concurrently provides a digital 
input signal to digital logic of the IC through the pin . The IC 
has an ESD diode structure connected to the pin . High and 
low side voltage sensors sense a voltage drop across the 
diode structure . An input multiplexer controlled by the 
digital input signal selectively connects high and low side 
current sources to the pin to concurrently provide the digital 
input signal to the digital logic and to drive a constant 
current through the diode structure . An output multiplexer 
controlled by the digital input signal selectively connects the 
high and low side voltage sensors to an output that provides 
a sense signal indicative of the IC junction temperature . 
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CLOSED LOOP JUNCTION TEMPERATURE FIG . 2 is an example flowchart illustrating closed loop 
REGULATION junction temperature regulation in accordance with embodi 

ments of the present disclosure . 
BACKGROUND FIG . 3 is an example flowchart illustrating closed loop 

As integrated circuits become smaller and more powerful , junction temperature regulation in accordance with embodi 
heat is generated very quickly and very locally . Having ments of the present disclosure . 
observability and control over the temperature inside the DETAILED DESCRIPTION active circuitry has become a major challenge . Temperature 
has a profound impact on performance of the devices within 
the integrated circuit . As such , it is important to have Embodiments are described that employ diodes inside the 
accurate visibility and control over the temperature of the integrated circuit to continuously sense the temperature 
devices . This temperature visibility and control may be inside the integrated circuit while it is being tested in order 
particularly true when testing the integrated circuit , for to regulate the temperature of the integrated circuit during 
example . In some sense , the value of the data obtained the test . Electrically isolated measurement circuitry allows during testing of the integrated circuit is affected by the 15 forcing current through the diodes and measuring their ability to control the temperature of the integrated circuit . forward voltage under dynamic , non - fixed , or no power Historically , device temperature has been monitored and 
regulated through a remote thermocouple probe . The ther supply conditions . Multiplexed dual measurement circuitry 
mocouple is glued or pressed onto the body of the integrated allows dynamic switching between high side and low side 
circuit being tested . The thermal control system includes a 20 diodes , which allows for concurrent digital communication 
remote temperature sensor input that receives the tempera- with the integrated circuit and temperature measurement of 
ture of the probe . The user typically has an option to regulate the integrated circuit on a single pin of the integrated circuit . 
to the remote sensor . This method has limitations . First , the More specifically , a digital control signal used to test the 
temperature is only as accurate as the proximity of the probe . integrated circuit is caused to reach digital logic of the 
Second , it is difficult to move the physical probe from one 25 integrated circuit while the temperature is being sensed from 
device to the next . one of the two diodes , or more specifically , while sensing a 

forward voltage across the diodes from which the diode SUMMARY junction temperature may be reliably determined . In order to 
In one embodiment , the present disclosure provides an combine the two functions on a single connection concur 

apparatus for measuring a junction temperature in an inte 30 rently , e.g. , the single pin , the digital control signal is sent as 
grated circuit ( IC ) through a pin of the IC concurrently with a control signal of a first multiplexer . The first multiplexer 
providing a digital input signal to digital logic of the IC sends the signal from a high side or a low side current source 
through the pin , the IC also having an electrostatic discharge through the pin to the digital logic . The temperature sensing 
( ESD ) diode structure connected to the pin . The apparatus is performed through the pin with corresponding high side 
includes high and low side current sources , high and low 35 and low side voltage sensing analog - to - digital converters 
side voltage sensors that sense a voltage drop across the which are connected through an electrical isolator to a 
diode structure , an input multiplexer controlled by the second multiplexer . The current sources and the voltage 
digital input signal to selectively connect the high and low sensors are floating , i.e. , they are not ground referenced . The 
side current sources to the pin to concurrently provide the electrical isolator allows the voltage sensors to sense the 
digital input signal to the digital logic and to drive a constant 40 voltage drop across the temperature sensing diodes without 
current through the diode structure , and an output multi- causing or receiving interference from the system power 
plexer controlled by the digital input signal to selectively supply , i.e. , the power supply that supplies power to the 
connect the high and low side voltage sensors to an output integrated circuit . The second multiplexer selects the appro that provides a sense signal that is indicative of the junction priate sensing location and sends the selected sensed voltage temperature in the IC . 45 to a temperature control / datalogging system that uses the In another embodiment , the present disclosure provides a 
method that includes , using a pin of an IC to provide a digital sensed voltage , which is indicative of the diode junction 
input signal to digital logic of the IC and to concurrently temperature , to regulate the temperature of the integrated 
drive a constant current through an ESD diode structure of circuit . Advantageously , the pin and diodes may be a pin and 
the IC . The diode structure is connected to the pin . The diodes that already exist on the integrated circuit , e.g. , a reset 
method also includes concurrently using the pin and the 50 pin or other digital function pin and electro - static discharge 
diode structure to sense a junction temperature in the IC . diodes connected to the pin , and the pin may continue to be 

In yet another embodiment , the present disclosure pro used to provide the digital input signal during testing even 
vides a method that includes , during first time intervals , while the pin is also used to measure the temperature . The 
pulling current out of a digital function pin of an IC and voltage sensors are in a floating power domain isolated from 
measuring a temperature of the IC . The method also 55 the power domain of the integrated circuit and are duplicated 
includes , during second time intervals exclusive of the first for the high side and the low side such that either diode may 
time intervals , pushing current into the pin and measuring be used , which enables the pin to continue to be used as a 
the temperature of the IC . The measuring of the temperature digital input during the temperature measurement . 
is performed by measuring a voltage on the pin . The pushing FIG . 1 is an example block diagram of a system 100 in 
and pulling of the current and the measuring of the tem- 60 which closed loop junction temperature regulation is per 
perature are performed during a test of the IC . formed in accordance with embodiments of the present 

disclosure . The system 100 includes an integrated circuit 
BRIEF DESCRIPTION OF THE DRAWINGS ( IC ) 116 that is the device under test ( DUT ) and a system 

power supply 114 that supplies power to the IC 116. In one 
FIG . 1 is an example block diagram of a system in which 65 embodiment , the power supply 114 provides VDD 117 and 

closed loop junction temperature regulation is performed in VSS 118 power rails to the IC 116. In one embodiment , the 
accordance with embodiments of the present disclosure . system power supply 114 that supplies power to the IC 116 
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is a variable power supply controlled by the test control The system 100 also includes isolating DC - DC converters 
system 121 in order to test the IC 116 at different supply 113 and 115 ( shown at upper and lower locations in FIG . 1 ) 
voltages . that receive input power 199 from the test control system 

The IC 116 includes digital logic 111 , e.g. , digital filters , 121. The upper isolating DC - DC converter 113 supplies 
programmable logic , memory , audio processing circuitry , 5 floating positive and negative voltages to respective positive 
haptic sensor circuitry , amplifiers , digital signal processing and negative supply inputs of a high side analog - to - digital 
circuitry , among others . The IC 116 may also include converter ( ADC ) 104. The lower isolating DC - DC converter 
non - digital circuitry , e.g. , as analog filters and amplifiers , 115 supplies floating positive and negative voltages to 
among others . Together , the IC 116 and power supply 114 respective positive and negative supply inputs of a low side 
are included in a system under test ( SUT ) by a test control 10 ADC 105. The negative supply output of the upper isolating 
system 121 . DC - DC converter 113 is also connected to VDD 117 , and the 

The test control system 121 provides a digital input signal positive supply output of the lower isolating DC - DC con 
109 that is used to test the IC 116. The digital input signal verter 115 is also connected to VSS 118. A positive sense 
109 may be , for example , a digital reset signal , a digital input of the high side ADC 104 is connected to the pin 119 , 
clock signal , a digital control signal , or a digital data signal . 15 and a negative sense input of the high side ADC 104 is 
The test control system 121 may provide other test input to connected to VDD 117. A positive sense input of the low 
the IC 116 , e.g. , test vectors , during testing . The test control side ADC 105 is connected to VSS 118 , and a negative sense 
system 121 observes the outputs produced by the IC 116 in input of the low side ADC 105 is connected to the pin 119 . 
response to the digital input signal 109 and the other test The isolating DC - DC converter 113/115 effectively provides 
input . The IC 116 also includes a pin 119 that is connected 20 a separation in the system 100 between a system power 
to the digital logic 111 and that enables the IC 116 to be domain supplied by the system power supply 114 and a 
connected to circuitry outside the IC 116 . floating power domain supplied by the isolating DC - DC 

The IC 116 also includes an electrostatic discharge ( ESD ) converter 113/115 that enables the ADCs 104/105 to sense 
diode structure connected to the pin 119. In the embodiment the voltage drop across the diodes 106/107 without causing 
of FIG . 1 , a high side diode 106 has its cathode connected 25 or receiving interference from the SUT , e.g. , the IC 116 and 
to VDD 117 and its anode connected to the pin 119 , and a the system power supply 114 , as described in more detail 
low side diode 107 has its anode connected to VSS 118 and below . 
its cathode connected to the pin 119. As described in more The floating positive supply voltage is also provided to a 
detail below , the diodes 106 and 107 are used to measure a high side constant current source 101 that pushes a constant 
junction temperature of the IC 116 by selectively pushing 30 current into a first input of an input multiplexer 103 , and the 
and pulling a constant current through them , respectively , floating negative supply voltage is also provided to a low 
and sensing the voltage across . The diodes 106/107 act as side constant current source 102 that pulls a constant current 
thermal diodes in that , when presented with a constant out of a second input of the input multiplexer 103. The 
current , their forward voltage varies with temperature in a output of the input multiplexer 103 is connected to the pin 
predictable and well - known manner . In one embodiment , the 35 119 , the digital logic 111 , the anode of the high side diode 
diodes 106/107 are calibrated to increase the accuracy of 106 and the cathode of the low side diode 107. The input 
their use as a temperature measurement device . multiplexer 103 is controlled by the digital input signal 109 . 

The system 100 also includes a temperature control When the digital input signal 109 is high , the input 
system 122 that regulates the temperature of the IC 116 multiplexer 103 disconnects the low side current source 102 
while it is under test by the test control system 121. For 40 and connects the high side current source 101 to the pin 119 
example , the temperature control system 122 may include such that the constant current is pushed through the high side 
heating and cooling elements used to heat and cool the IC diode 106 and the resulting voltage drop across the diode 
116 , e.g. , to keep the IC 116 at a constant temperature while 106 is sensed by the high side ADC 104 and provided to a 
being tested by the test control system 121. The temperature high side electrical isolator 112 , and a high value is provided 
control system 122 receives a digital temperature sense 45 to the digital logic 111. This electrical flow is shown 
signal 110 that is indicative of the junction temperature of pictorially in FIG . 1 by the darker dashed path from the high 
the IC 116 , as described in more detail below . The tempera- side current source 101 through the input multiplexer 103 
ture control system 122 may also include other circuitry for through the high side diode 106 to the upper isolating power 
filtering ( e.g. , decimating ) and scaling the digital tempera- converter 113 and back to the high side current source 101 . 
ture sense signal 110 . 50 The electrical isolator 112 may be any device that provides 

Thus , the system 100 is a closed loop in that it receives electrical isolation such that the ADC 104 is enabled to sense 
feedback , in the form of the digital temperature sense signal the voltage drop across the diode 106 without causing or 
110 that is used to regulate the temperature of IC 116 while receiving interference from the SUT . Examples of the elec 
under test . As described in more detail below , advanta- trical isolator 112 may include a transformer , an opto 
geously , the pin 119 is used to both provide the digital input 55 coupling ( e.g. , opto - isolated ADC , such as may be used in 
signal 109 from the test control system 121 and to concur- motor controls ) , and an ethernet port with a small trans 
rently sense the temperature of the IC 116. The closed loop former , among others . In one embodiment , the ADCs 104 / 
system that concurrently uses the pin 119 to test the IC 116 105 are zero - centered , and a bandgap regulator is connected 
and measures its junction temperature may advantageously to the negative pin of the high side ADC 104 and to the 
provide significant improvement in maintaining a relatively 60 positive pin of the low side ADC 105 to provide a DC offset 
constant temperature of the IC 116 while under test com- ( e.g. , 0.6V ) in order to maximize resolution of the sensed 
pared with an open loop system that does not concurrently voltage measurements . 
measure and control the junction temperature during testing . When the digital input signal 109 is low , the input 
As described above , avoiding a substantial temperature multiplexer 103 disconnects the high side current source 101 
change over the duration of the test may result in test data 65 and connects the low side current source 102 to the pin 119 
that is more useful than test data obtained during substantial such that the constant current is pulled through the low side 
temperature swings . diode 107 and the resulting voltage drop across the diode 
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107 is sensed by the low side ADC 105 and provided to a logic 111 via pin 119 , and the bottom waveform illustrates 
low side electrical isolator 112 , and a low value is provided a reset pulse being conveyed to the digital logic 111 via pin 
to the digital logic 111. This electrical flow is shown 119. High values of the digital waveforms are shown with 
pictorially in FIG . 1 by the lighter dashed path from the low the darker dashed lines corresponding to the high side path 
side current source 102 through the input multiplexer 103 5 similarly demarcated in the block diagram , whereas low 
through the low side diode 107 to the lower isolating power values of the digital waveforms are shown with the lighter 
converter 115 and back to the low side current source 102 . dashed lines corresponding to the low side path similarly 
Thus , the ADCs 104/105 essentially operate in both the demarcated in the block diagram . 
system power domain and the floating power domain in that FIG . 2 is an example flowchart illustrating closed loop 
they receive power in the floating power domain from the 10 junction temperature regulation in accordance with embodi 
isolating DC - DC converter 113/115 and they sense the ments of the present disclosure . Operation begins at block 
voltage across the diodes 106/107 that receive power in the 202 . 
system power domain from the system power supply 114 . At block 202 , a pin ( e.g. , pin 119 ) of an integrated circuit 
Thus , the isolating DC - DC converter 113/115 enables the ( e.g. , IC 116 ) is used to provide a digital input signal ( e.g. , 
ADCs 104/105 to sense the voltage drop across the diodes 15 digital input signal 109 ) to digital logic ( e.g. , digital logic 
106/107 without causing or receiving interference from the 111 ) of the IC . Operation proceeds to block 204 . 
SUT , which may provide for a more accurate continuous At block 204 , which is performed concurrently with 
measurement of the junction temperature of the IC 116 while operation of block 202 , a constant current is driven through 
being tested for use by the temperature control system 122 an ESD diode structure ( e.g. , through diodes 106/107 by 
to regulate the temperature of the IC 116 while being tested . 20 constant current sources 101/102 ) through the pin , which is 
An output multiplexer 108 , controlled by the digital input connected to the diode structure . Operation proceeds to 

signal 109 , receives the outputs of the electrical isolators block 206 . 
112. The output multiplexer 108 selects the high side elec- At block 206 , which is performed concurrently with 
trically isolated sensed voltage when the digital input signal operation of blocks 202 and 204 , the pin is used to sense a 
109 is high and selects the low side electrically isolated 25 junction temperature of the diode structure , more specifi 
sensed voltage when the digital input signal 109 is low . The cally , to sense a forward voltage across the diode structure , 
selected signal is provided as the digital temperature sense which is related to the junction temperature in a known 
signal 110 to the temperature control system 122 . manner such that the junction temperature is determined 

In this manner , i.e. , by the digital input signal 109 from the sensed voltage . Operation proceeds to block 208 . 
controlling the input multiplexer 103 and operation of the 30 At block 208 , which is performed concurrently with 
current sources 101/102 , the digital input signal 109 is operation of blocks 202 , 204 and 206 , the sensed junction 
effectively conveyed to the digital logic 111 ( e.g. , during a temperature is used to regulate the temperature of the 
test of the IC 116 ) via the pin 119 as part of the testing of the integrated circuit ( e.g. , by temperature control system 122 ) . 
IC 116 , i.e. , the IC 116 responds to the digital input signal Operation proceeds to block 212 . 
109 ( and other test inputs ) to produce results that may be 35 At block 212 , which is performed concurrently with 
compared to expected results to test the performance of the operation of blocks 202 , 204 , 206 and 208 , the response of 
devices of the IC 116. Concurrently with conveyance of the the integrated circuit to the digital input signal ( and typically 
digital input signal 109 via the pin 119 , the forward voltage other test inputs ) is observed , i.e. , the integrated circuit is 
of the diode structure 106/107 , through which the constant tested ( e.g. , by test control system 121 ) . 
current is driven , may be sensed through the pin 119 , and the 40 FIG . 3 is an example flowchart illustrating closed loop 
junction temperature of the diodes 106/107 may be deter- junction temperature regulation in accordance with embodi 
mined from the locally sensed voltage . The concurrently ments of the present disclosure . Operation begins at block 
measured junction temperature may be used to control the 302 . 
temperature of the IC 116 concurrently with the testing of At block 302 , during a first at least one time interval when 
the IC 116 , which involves provision of the digital input 45 a digital input signal ( e.g. , digital input signal 109 ) is low , 
signal 109 via the pin 119. Preferably , the junction tempera- current is pulled out of a digital function pin ( e.g. pin 119 ) 
tures are not measured during transitions of the digital input that is connected to a low side ESD diode ( e.g. , diode 107 ) 
signal 109. That is , the output multiplexer 108 is being of an integrated circuit ( e.g. , IC 116 ) , and a junction tem 
switched during a high - to - low or low - to - high transition of perature of the low side diode is measured . More specifi 
the digital input signal 109 , and the sensed voltages are not 50 cally , the forward voltage induced on the low side diode is 
observed during the transition times . However , not measur- sensed and the temperature is computed based on the sensed 
ing the temperature during the transition times may be voltage and the amount of current pulled through the low 
acceptable because the transition times are significantly side diode . Operation proceeds to block 304 . 
small relative to the rate at which the temperature changes , At block 304 , during a second at least one time interval 
and the temperature is still measured at a sufficient rate for 55 when the digital input signal is high , current is pushed into 
the temperature control system 122 to use the measured the digital function pin that is also connected to a high side 
temperature to regulate the temperature of the IC 116. In one ESD diode ( e.g. , diode 106 ) of the integrated circuit , and a 
embodiment , mux 108 may include a latch mechanism that junction temperature of the high side diode is measured . 
may hold the temperature reading during a transition period More specifically , the forward voltage induced on the high 
in order to prevent the temperature control system 122 from 60 side diode is sensed and the temperature is computed based 
receiving bad data while the ADCs 104/105 are settling in on the sensed voltage and the amount of current pushed 
the wake of a transition . through the high side diode . Operation proceeds to block 
Two examples of the provision of the digital input signal 306 . 

109 to the digital logic 111 via the digital function pin 119 At block 306 , which is performed concurrently with the 
are shown as digital waveforms in the lower right - hand 65 operations at blocks 302 and 304 , the integrated circuit is 
portion of FIG . 1. The top waveform illustrates a digital tested ( e.g. , by test control system 121 ) . That is , inputs are 
clock or digital data signal being conveyed to the digital sent to the integrated circuit , including the digital input 
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signal , and the response of the integrated circuit is observed long as that apparatus , system , or component is so adapted , 
and compared with expected results to determine how the arranged , capable , configured , enabled , operable , or opera 
integrated circuit is performing , including individual devices tive . 
therein . Operation proceeds to block 308 . Finally , software can cause or configure the function , 

At block 308 , which is performed concurrently with the 5 fabrication and / or description of the apparatus and methods 
operations at blocks 302 , 304 and 306 , the measured junc- described herein . This can be accomplished using general 
tion temperature is used to regulate the temperature of the programming languages ( e.g. , C , C ++ ) , hardware descrip 
integrated circuit ( e.g. , by temperature control system 122 ) . tion languages ( HDL ) including Verilog HDL , VHDL , and 
As stated above , the electrically isolated measurement so on , or other available programs . Such software can be 

circuitry allows forcing current through the diodes and 10 disposed in any known non - transitory computer - readable 
measuring their forward voltage under dynamic , non - fixed , medium , such as magnetic tape , semiconductor , magnetic 
or no power supply conditions . More specifically , by opera- disk , or optical disc ( e.g. , CD - ROM , DVD - ROM , etc. ) , a 
tion of the isolating DC - DC converter effectively providing network , wire line or another communications medium , 
a separation between the system power domain and the having instructions stored thereon that are capable of caus 
floating power domain that enables the ADCs to sense the 15 ing or configuring the apparatus and methods described 
voltage drop across the diodes without causing or receiving herein . 
interference from the SUT , the measurement circuitry may 
operate even when the system power is turned off ( although The invention claimed is : 
the digital logic inside the DUT will not function ) . This may 1. An apparatus for measuring a junction temperature in 
be useful to attain a specific temperature prior to starting the 20 an integrated circuit ( IC ) through a pin of the IC concur 
test of the DUT when the DUT may be powered down or not rently with providing a digital input signal to digital logic of 
present , and may also be useful to keep the temperature the IC through the pin , the IC also having an electrostatic 
stable between tests when the DUT may be powered down discharge ( ESD ) diode structure connected to the pin , com 
or not in a functional state . prising : 

It should be understood — especially by those having 25 high and low side current sources ; 
ordinary skill in the art with the benefit of this disclosure- high and low side voltage sensors that sense a voltage 
that the various operations described herein , particularly in drop across the diode structure ; 
connection with the figures , may be implemented by other an input multiplexer controlled by the digital input signal 
circuitry or other hardware components . The order in which to selectively connect the high and low side current 
each operation of a given method is performed may be 30 sources to the pin to concurrently provide the digital 
changed , unless otherwise indicated , and various elements input signal to the digital logic and to drive a constant 
of the systems illustrated herein may be added , reordered , current through the diode structure ; and 
combined , omitted , modified , etc. It is intended that this an output multiplexer controlled by the digital input signal 
disclosure embrace all such modifications and changes and , to selectively connect the high and low side voltage 
accordingly , the above description should be regarded in an 35 sensors to an output that provides a sense signal that is 
illustrative rather than a restrictive sense . indicative of the junction temperature in the IC . 

Similarly , although this disclosure refers to specific 2. The apparatus of claim 1 , 
embodiments , certain modifications and changes can be wherein the voltage sensors comprise voltage sensing 
made to those embodiments without departing from the analog - to - digital converters ( ADCs ) and the sense sig 
scope and coverage of this disclosure . Moreover , any ben- 40 nal is a digital signal . 
efits , advantages , or solutions to problems that are described 3. The apparatus of claim 1 , further comprising : 
herein with regard to specific embodiments are not intended an electrical isolation device , connected between the 
to be construed as a critical , required , or essential feature or voltage sensors and the output multiplexer , wherein the 
element . electrical isolation device enables the voltage sensors to 

Further embodiments , likewise , with the benefit of this 45 sense the voltage drop across the diode structure with 
disclosure , will be apparent to those having ordinary skill in out causing or receiving interference from a system 
the art , and such embodiments should be deemed as being under test that includes the IC and a power supply that 
encompassed herein . All examples and conditional language supplies power to the IC . 
recited herein are intended for pedagogical objects to aid the 4. The apparatus of claim 3 , 
reader in understanding the disclosure and the concepts 50 wherein the power supply that supplies power to the IC is 
contributed by the inventor to furthering the art and are a variable power supply . 
construed as being without limitation to such specifically 5. The apparatus of claim 1 , further comprising : 
recited examples and conditions . an isolation device , connected between the apparatus and 

This disclosure encompasses all changes , substitutions , a system under test that includes the IC and a power 
variations , alterations , and modifications to the example 55 supply that supplies power to the IC , that uses power 
embodiments herein that a person having ordinary skill in from the IC power supply to provide power to the high 
the art would comprehend . Similarly , where appropriate , the and low side current sources and the high and low side 
appended claims encompass all changes , substitutions , voltage sensors ; and 
variations , alterations , and modifications to the example wherein the isolation device enables the voltage sensors to 
embodiments herein that a person having ordinary skill in 60 sense the voltage drop across the diode structure with 
the art would comprehend . Moreover , reference in the out causing or receiving interference from the system 
appended claims to an apparatus or system or a component under test . 
of an apparatus or system being adapted to , arranged to , 6. The apparatus of claim 1 , 
capable of , configured to , enabled to , operable to , or opera- wherein the apparatus is configured for connection with a 
tive to perform a particular function encompasses that 65 test system that generates the digital input signal ; and 
apparatus , system , or component , whether or not it or that wherein the current sources , the voltage sensors and the 
particular function is activated , turned on , or unlocked , as multiplexers provide for electrical isolation between 



10 

15 

20 

US 11,003,200 B1 
9 10 

the test system and a system under test that includes the 14. The method of claim 9 , further comprising : 
IC and a power supply that supplies power to the IC . providing electrical isolation between the voltage sensors 

7. The apparatus of claim 1 , and the output multiplexer to enable the voltage sensors 
wherein the apparatus is configured for connection with a to sense the voltage drop across the diode structure 

control system that uses the sense signal to regulate the 5 without causing or receiving interference from a system 
under test that includes the IC and a power supply that IC junction temperature ; and supplies power to the IC . 

wherein the current sources , the voltage sensors and the 15. A method , comprising : 
multiplexers provide for electrical isolation between during first time intervals : 
the control system and a system under test that includes pulling current out of a digital function pin of an 
the IC and a power supply that supplies power to the IC . integrated circuit ( IC ) and measuring a temperature 

8. The apparatus of claim 1 , of the IC ; 
wherein the apparatus and the control system provide a during second time intervals exclusive of the first time 

closed loop regulation system . intervals : 
9. A method , comprising : pushing current into the pin and measuring the tem 
using a pin of an integrated circuit ( IC ) to provide a digital perature of the IC ; 

wherein said measuring the temperature is performed by input signal to digital logic of the IC and to concur measuring a voltage on the pin ; and rently drive a constant current through an electrostatic wherein said pushing , pulling and measuring are per 
discharge ( ESD ) diode structure of the IC , wherein the formed during a test of the IC . 
diode structure is connected to the pin ; and 16. The method of claim 15 , further comprising : 

concurrently using the pin and the diode structure to sense using a digital input signal to control the direction of the 
a junction temperature in the IC . current during the test ; and 

10. The method of claim 9 , wherein the digital input signal is low during the first time 
wherein the digital input signal is a reset signal , a clock intervals and is high during the second time intervals . 

signal , a digital control signal , or a digital data signal . 25 17. The method of claim 15 , further comprising : 
11. The method of claim 9 , further comprising : concurrently with said pulling , pushing and measuring : 
concurrently with said using the pin to provide the digital using the measured junction temperature to regulate the 

signal to the digital logic of the IC : temperature of the IC . 
18. The method of claim 15 , using the sensed junction temperature to regulate the wherein the current is pulled and pushed through an temperature of the IC . 

12. The method of claim 11 , further comprising : electrostatic discharge ( ESD ) diode structure of the IC 
concurrently with said using the sensed junction tempera from which the temperature is sensed , wherein the 

ture to regulate the temperature of the IC : diode structure is connected to the pin . 
19. The method of claim 18 , further comprising : testing the IC in response to provision of the digital 

input signal to the digital logic of the IC . using a digital input signal to control the direction of the 
13. The method of claim 9 , current during the test ; and 
wherein said using the pin to provide the digital signal and wherein said pulling , pushing and measuring are per 

formed by : said using the pin and the diode structure to sense the 
junction temperature are performed by : high and low side current sources ; 
high and low side current sources ; high and low side voltage sensors that sense a voltage 
high and low side voltage sensors that sense a voltage drop across the diode structure ; 

drop across the diode structure ; an input multiplexer controlled by the digital input 
an input multiplexer controlled by the digital input signal to selectively connect the high and low side 

signal to selectively connect the high and low side current sources to the pin ; and 
current sources to the pin to concurrently provide the 45 an output multiplexer controlled by the digital input 
digital input signal to the digital logic and to drive signal to selectively connect the high and low side 
the constant current through the diode structure ; and voltage sensors . 

an output multiplexer controlled by the digital input 20. The method of claim 15 , further comprising : 
signal to selectively connect the high and low side wherein a magnitude of the pulled and pushed current is 

constant . voltage sensors to an output that provides a sense 
signal indicative of the junction temperature . 

30 

35 

40 

50 


